The current work applies a methodology for mapping the supply of new knowledge from public research organizations, in this case from Italian institutions at the level of regions and provinces (NUTS2 and NUTS3). Through the analysis of scientific production indexed in the Web of Science for the period 2006-2010, the new knowledge is classified in subject categories and mapped according to an algorithm for the reconciliation of authors' affiliations. Unlike other studies in the literature based on simple counting of publications, the present study adopts an indicator, Scientific Strength, which takes account of both the quantity of scientific production and its impact on the advancement of knowledge. The differences in the results that arise from the two approaches are examined. The results of works of this kind can inform public research policies, at national and local levels, as well as the localization strategies of research-based companies.
Introduction
Since the early 1990s, the concept of regional innovation systems has attracted the attention of scholars and policy makers as a possibly ideal framework in support of comprehending innovation processes in regional economies. There is no unequivocal definition of the concept of the regional innovation system: according to the general understanding it entails a set of interacting private and public interests, institutions and organizations that operate for the generation, dissemination and exploitation of knowledge (Doloreux, 2005; Cooke, 2004) . The origin of the concept is traced to two different theoretical spheres: systems innovation and regional science. From regional science, it takes the concepts of the role of geographic proximity (benefits deriving from advantages in localization and spatial concentration) and a set of territorial rules, conventions and norms governing the rise of processes of creation and dissemination of knowledge (Kirat and Lung, 1999) .
One of the most important applications that derive from the overall theoretical approach is the analysis of interactions between actors in the process and in particular the relations between the industrial and the research spheres, including their potential mediation by organizations devoted to technological transfer. Another important actor, the government, has been envisaged in the so called "triple helix" model of innovation (Leydesdorff and Fritsch, 2006; Leydesdorff and Etzkowitz, 1996) . The triple helix model "is not first specified in terms of domains (e.g., national systems) or specific functions (e.g., knowledge production), but allows for interaction effects among domains and specific synergies among functions and institutions" (Leydesdorff, 2010) .
The literature on the theme has certainly given a strong boost to the so-called endogenous approach to local and regional development policy, based on the idea that regional development and the resulting economic growth must be driven by endogenous forces in the form of "a highly educated workforce and knowledge and technologies developed in the region" (Todtling, 2010) . At the regional level, universities are considered as the core knowledge-producing bodies, capable of a primary role in activating the innovation and development agenda, through their placement as key elements in innovation systems and principle providers of knowledge for the industrial sector (Kitagawa, 2004; Thanki, 1999; Garlick, 1998; Foray and Lundvall, 1996) . The companies of a given territory will use the knowledge produced in universities in different manners. The smallest ones can benefit from the spillovers of university knowledge, since they have fewer resources for active R&D to produce such knowledge on their own (Acs et al., 1994) . Regional high-technology firms also benefit from university knowledge (Audretsch et al., 2005) , as demonstrated by research detecting that, on a regional basis, there is a significant correlation between concentrations of high-technology industries and university research in high-technology fields (Nagle, 2007) .
The region thus becomes the promoter of its own development and is seen as the territorial level of reference to engage growth, through local knowledge spillovers, intra-regional networks and labor mobility (Martin and Sunley 1998; Krugman 1991) .
Such lines of reasoning have clearly been influential, as seen in the fact that over the past 10 years, European supranational policies regarding innovation have focused strongly on the local dimension. These policy trends are bolstered by the empirical evidence and studies demonstrating that the region is the crucial level for knowledge creation and diffusion, learning and innovation.
In this context, one of the themes of certain interest for scholars in the subject is the analysis of the contributions of public research organizations and universities, which face increasing demands to integrate their traditional teaching and research activities with a third mission: support for competiveness of the local industries, through licensing of inventions, spin off creation, research collaborations and partnership with private companies, etc. (Glasson, 2003; Thanki, 1999) . In particular, Maier and Luger (1995) identify eight activity areas that have essential benefits for economic development: i) creation of knowledge, ii) human capital creation, iii) transfer of existing know-how, iv) technological innovation, v) capital investment, vi) regional leadership, vii) influence on regional milieu, and viii) knowledge infrastructure production. However it should be noted that on this subject, scholars in the field are not always in agreement . Feller (2004) , for example, holds that beyond the tangible and easily measurable impacts ensured by activities in technological transfer, the true contributions of universities to economic growth lie in the creation of public knowledge and in the education and training of a qualified work force. Others, including Stoneman and Diederen (1994) , focus their attention on knowledge diffusion and the importance of adopting effective means for transferring knowledge to both private and public sectors, through both formal and informal dissemination mechanisms.
The localization of public research institutions within a particular nation has historic, economic, and sociological origins, and more recently is ever more influenced by policy and strategic decisions. Whatever the origin of the current territorial distribution of new knowledge suppliers, the policy maker certainly has interests in monitoring evolution in the mapping of scientific production, for purposes of understanding and decisionmaking regarding the distribution and maximization of its benefits. Similarly, for research-based companies in the private sector, the territorial mapping of new knowledge can inform efficient choices in the localization of R&D activities.
But is it possible to measure new knowledge creation and diffusion at the level of restricted geographic areas? In the literature, the studies that have attempted this task have typically adopted a bibliometric approach based on analysis of the geographic distribution of scientific production, as indexed in the major bibliometric databases.
This approach assumes that scientific publication in international journals is the principal form of dissemination of results from research activity, as conducted by universities and research organizations in general. Frenken et al. (2009) offer a particularly useful review of the full range of scientometric studies analyzing the spatial dimension of scientific production, beginning from the pioneering works by Narin and Carpenter (1975) and Frame et al. (1977) . This latter work, under the suggestive title "The distribution of world science", is based on data from the ISI Science Citation Index on the distribution of output from 117 countries and in 92 disciplines, over one year (1973) . More recent studies, employing similar methodologies, have primarily concerned the spatial concentration of scientific production, which seems to have remained high for the industrialized nations of the OECD: these nations thus continue to account for the major share of world output (May, 1997; Adams, 1998; Cole and Phelan, 1999; Glänzel et al., 2002; King, 2004; Horta and Veloso, 2007) , despite a rapid increase in scientific production from China (Leydesdorff and Zhou, 2005 ). Analyses at the regional level have been less frequent: one case is the work by Matthiessen and Schwarz (1999) , on the analysis of aggregated publication records for European metropolitan areas, for the years 1994-1996.
Some scholars have also proposed analyses based on the spatial distribution of highly-cited publications, primarily for the identification of centers of excellence at the regional level (Bonitz et al., 1997; Batty, 2003) . More recently, a work by , based on the Web of Science (WoS) data, identifies cities where top-10% most-highly-cited papers were published more frequently than would be expected, offering visualization of the results via Google Maps. In very similar manner, In this work we propose to advance the literature on the theme, with a study that returns to the analysis of the spatial distribution of research activity, but with a new indicator, based on the standardized citations received by the scientific portfolio of research institutions for a territory. Differently from previous studies, which count publications or highly-cited ones, we compare the scientific strength of territories in each scientific field by the overall standardized citations. We apply the proposed methodology to the case of Italy, trying to answer the following research questions:
 How is the production of scientific research distributed across national territory?
 Which regions/provinces lead in scientific production by field?
 Is it possible to detect geographic concentrations of activity in specific fields?
 Would there be different results if spatial analysis were conducted through simple counting of publications, rather than from citations?
The study of the territorial distribution of public supply of knowledge can certainly orient the necessary actions of decision makers responsible for this area, at the levels of nation, region and province. In this sense, the authors hold that the proposed methodology can in fact provide the answers to the above research questions, and that it thus represents a useful contribution, going beyond the specific national case where the new approach is applied.
The study is organized as follows: the next section presents the methodology for the analysis (field of observation, sources and dataset). Section 3 presents and discusses the results of the analyses, while Section 4 concludes with a summary of the significant findings and the authors' comments.
Methodology
In regards to the territorial framework for analysis, we refer to the Nomenclature of To evaluate the public supply of knowledge we consider not the simple counting of publications produced, but rather their real value in terms of impact on the advancement of knowledge. As proxy of value, bibliometricians adopt the number of citations received by the publication. In particular, we use a relative indicator, named Article Impact Index (AII), given by the ratio between the number of citations received by a publication (as of 31/12/2011) and the average of the citations for all the other national publications of the same year and subject category 7 (Abramo et al., 2012) . For each subject category, the values of AII are successively aggregated at the Provincial level (NUTS3) and the next higher level of the region (NUTS2), to obtain an indicator named Scientific Strength (SS) given by the sum of the Impact Index (AII) of all the publications produced in the particular territory. The publications co-authored by scientists working in organizations of the same territory are counted only once for that territory. In assigning a publication to a territory we do not adopt fractional counting in function of the number of authors. The reasoning for these last-described procedures is that a publication represents new knowledge produced in a territory independently of the number of people in that territory that contributed to its production. For publications in multi-category journals, to each subject category is attributed a fractional value of AII, equal to the inverse of the number of subject categories included in the journal.
Results and analysis

Distribution of the supply at the level of regions
In terms of administrative structure, the Italian state is subdivided in 20 regions and 110 provinces (Table 1) . Four regions (Valle d'Aosta, Umbria, Basilicata, Molise) have less than a million habitants out of the total population of 61 million, while at the next level there are 61 provinces with less than 40,000 inhabitants and only 10 with more than a million.
[Insert Table 1 here]
In our first analysis of the public supply of new knowledge on a geographic basis we examine, for each region, the prevalent subject categories. For this, alongside each region name, Table 2 presents the first three subject categories by incidence of SS in the national total. As we would expect, in the small regions the supply of new knowledge is modest with respect to the national total, even in the prevalent subject categories: in produces SS that does not reach 1% of the national total. In contrast, the large regions are the seat of very concentrated research activity in the prevailing categories:
Lombardy alone produces almost half of national SS in Ornithology (47.1%); Tuscany produces 38.5% of SS in Andrology; Lazio achieves 37.5% of that in Tropical Medicine.
[Insert Table 2 here]
The data concerning concentration of research activity in certain subject categories, and in certain regions (usually large ones), stimulates the deeper analysis presented in [Insert Table 3 here]
From the data in columns 3, 4 and 5 in Table 3 , we observe that the 60 positions referring to prevalent subjects are occupied by 11 regions out of the 20 possible: six are situated in the north (three each in the northwest and northeast), two in central Italy and three in the south. In detail, in Column 3, the highest frequency is registered for Lombardy (prevailing in nine subject categories, the majority in the Life sciences disciplines), followed by the three subject categories for Lazio (Clinical medicine) and Emilia Romagna (two in Clinical medicine and one in Engineering). Similarly, the data in Column 4 again show Lazio and Lombardy as regions prevailing in seven out of the 20 subject categories listed. [Insert Table 4 here]
Distribution of the supply at the level of provinces
We now repeat the type of analysis conducted for the regions, but at the level of provinces. Table 5 presents the 20 subject categories with SS most concentrated at the level of Provincial distribution, in order of decreasing value of cumulative incidence of SS for the three leading provinces.
We note that the values of cumulative incidence vary from a maximum of 66.0% for
Engineering, marine to a minimum of 44.0% per Health care sciences and services; the values of Gini coefficient are all greater than 0.8.
In general, the subject categories indicated seem very specialized, of "niche" type, or concentrated in particular territories because of the contextual presence of specific public research agencies, clinical research institutes or universities.
In particular, the data for Engineering, marine show that for this subject category, two thirds of knowledge advancement is produced from research activity conducted in only three provinces (Trieste, Pavia, Messina). In terms of geographic concentration, we also see interesting cases for Ornithology, Sport sciences and Tropical medicine. In these three subject categories, a third of national SS is provided by research conducted in a single province: Milan in the first case, Rome in the other two.
In effect, Column 3 indicates that these two provinces are prevalent for national [Insert Table 5 here] 
Distribution of supply of new knowledge standardized by socio-economic data
The analyses conducted to this point obviously reflect certain structural characteristics of the territories analyzed. In particular, it very clearly emerges that the distribution of research activity is consistent with the socio-economic structure of the territory: the largest regions and provinces are those where the production of new scientific knowledge tends to concentrate, given the presence of a larger mass of organizations, infrastructure and assets dedicated to research.
In this section we repeat the preceding analyses, but now standardizing the values of SS to the territorial population, thus obtaining a value for new knowledge produced per inhabitant. The data thus obtained are then related to the national average, to (7) and Physics (5).
[Insert Table 6 here]
We now ask what variations are introduced into the analyses of concentration of new knowledge if we consider simple counting of the publications rather than citations. To respond, we repeat the analysis just presented concerning the output per inhabitant (Table 7) . The comparison between the data of Table 6 and Table 7 reveals a certain level of correlation between the results of the two analyses.
However, some substantial differences also emerge. Four of the 17 subject categories listed in Table 6 do not appear in Table 6 , one (Umbria) does not appear among those listed in Table 7 . In fact, the analysis conducted with the indicator SS per inhabitant lists Engineering, petroleum in Umbria, but this entire pairing is missing in the analysis based on output per inhabitant, substituted by Dentistry, oral surgery & medicine in Abruzzo. Thus it is evident that the territorial analysis of scientific output based on simple counting of the publications produced by organizations of a given region gives mapping that is markedly different than that which can be obtained using citations as a proxy of the real advancement of knowledge in a given discipline.
[Insert Table 7 here]
We conclude the analysis at the regional level, now standardizing SS to regional GDP (average value, 2006-2010) . The SS/GDP ratio for each region is related to the national average and we extract the 20 Subject Category-Region pairs that present the maximum difference from the national reference (Table 8 ). Compared to the data in Table 6 , we observe ratios to the national average that are higher, ranging from a minimum of 713.1% (Engineering, petroleum in Umbria) and a maximum of 2,267.9%
(again for Engineering, petroleum, but in Molise), compared to the range of 639% to 1,753.1% seen in Table 6 .
In the 20 pairings listed in Table 8 , some regions are repeated: this occurs for Basilicata (six times), Molise (five), and Friuli Venezia Giulia (four), which are all small regions. The data in Table 8 very clearly indicate a situation readily superimposed on the preceding analysis, with 13 of the 16 subject categories listed also present in Table 6 .
[Insert Table 8 here]
The analysis of national distribution of Scientific Strength per inhabitant can also be repeated at the Provincial level 9 . Again comparing the data to the relevant national average, we see a number of cases that are clearly interesting. Table 9 shows the 20
Subject Category-Province pairs with the maximum level of difference of SS per inhabitant compared to the national average.
[Insert Table 9 here]
We observe that in all cases the SS per inhabitant is much greater than the national average. In the 20 pairings, some provinces repeat: this occurs for Trieste (nine times), Pisa and Siena (three), and also Viterbo (two). These are all small provinces, both for number of inhabitants and other macroeconomic characteristics: Pisa, the most populous, barely exceeds 400,000 inhabitants. Similarly to the previous analyses, we see a repetition of subject categories in the case of Engineering, marine which occurs in two different pairings (Trieste and Pavia). The 20 subject categories identified belong primarily to Engineering (eight cases), Physics (four) and Earth and space sciences (three).
Conclusions
In recent decades there has been a marked intensification of studies on the national distribution of the public supply of knowledge, intended to orient action in this area by decision-makers, at their specific levels of competence: nation, region or province. This intensification also arises from recent developments in bibliometrics, which make it possible to produce detailed and exhaustive mapping of the scientific production achieved by research organizations in a given territory. Given this situation, the authors have presented a mapping system based on the citation data concerning the 2006-2010 scientific production achieved by the totality of Italian universities and research organizations, in an attempt to respond to several research questions of real interest to policy makers.
The analysis demonstrates that there is a significant territorial concentration of research activity in some specific subject categories, particularly in the Life sciences and Engineering. As we would expect, it also emerges that the regions and provinces that contribute more to production of new knowledge are the larger ones. However, standardizing the values of the indicator used to quantify the new knowledge produced with respect to socio-economic characteristics of a region/province (number of inhabitants, GDP), we observe interesting concentrations of activity, above all in the small territories.
One of the obvious areas for deepening the current research concerns the measurement of indices of sectorial specialization, which would permit further characterization of the scientific activity of each territory. The current authors will certainly engage in this research, examining the case of provinces and regions in Italy.
Another notable result of the current work concerns the sensitivity of mapping with respect to the type of bibliometric indicator employed. The analysis of the literature indicates that the prevalent method is that based on the simple counting of publications:
the comparison of the results from this type of analysis and that based on standardized citations (applied in this work), reveals the presence of significant differences. It is thus evident that the approach based on simple counting of publications should be substituted by an approach such as that seen in the current work, which takes account of the real impact of publications in the advancement of knowledge in a given disciplinary environment.
In conclusion, the authors trust that the methodology advanced for response to the research questions will go beyond interest for the national case examined, representing a useful contribution to the development of supports to the decision-making contexts of policy makers, acting at various territorial levels of competence. 
